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11 ... sound source signal 

16 ... current impulse response 
aat ... judging means 

18 ... speech judging flag 

14 acoustic echo canceling signal 

aa2 ... storage means 
aa6 ... control means 
aa3 — updating means 

19 ... stored impulse response 

17 ... updated impulse response 
aa7 . . . supplying means 

13 ... loudspeaker output signal 

aa4 . . . generating means 
15 ... pseudo-acoustic echo signal 
12 . . . microphone input signal 

aaS . . . removing means 



(57) Abstract 

A speech processor which continuously uses the impulse response used by the preceding frame when a speech signal is included in the 
microphone input signal or the currently updated impulse response when no speech signal is included in the microphone input signal as the 
impulse response used for generating a pseudo-acoustic echo signal at the time of performing echo cancellation by using the pseudo-acoustic 
echo signal. 
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f^ffltT, ^pmmmm&T'r2>t^77fiMc'krf$>2> 0 tot, w^ism 

— -tiLj&mm<D!&mi, F I R(Finite Impulse 

Response)? ^ -T^7-*;WfcT-§ £t6*\ (AW A 
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16 Si JESS** 0 ##^rj-^^;^g&^i5mi-^ F I 

(Least Mean Square error) [S. Haykin, "Adaptive Filter Theory," 2nd ed. 
Englewood Cliffs, NJ, Prentice-Hall, 1991]. NLMS (Normalized Least 
Mean Square error) [S. Haykin, "Adaptive Filter Theory," 2nd ed. 
Englewood Cliffs, NJ, Prentice-Hall, 1991]. A P A(Affine Projection 

Algorithm) mmmm, w«c-, "T7 4 ymfr&m^cow.&tt&im^t: 

m&y 4 fr* - • T)V=n) XA t ^Ifttg," m¥&, Vol.J67-A, No.2, 
pp. 126-132, 1984.]. RLS (Recursive Least Squares) [S. Haykin, 
"Adaptive Filter Theory," 2nd ed. Englewood Cliffs, NJ, Prentice-Hall, 
1991] £*LTv>& 0 NLMS(i,1Iti^^<, flX^St 

PA^RLS HJt^TSv^ fc**Jtfflj$*L-Cv>£ 0 

Nf^iJ t Kfcit* F I R7-f -<7)^iSc. FIR7^ ;i/^-^oA73f 

h(t)=[h,(t),h 2 (t),...,h M (t)] T (1) 
x(t)=[x(t), x(t-l),...,x(t-M+l)] T (2) 
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r(t)=h(t) T x(t) 

(3) 

e(t)=y(t)-r(t) 

(4) 



h(t + l)= h (t)+ £— x(t)e(t) 

a + ||x(t)|| 2 ^ < 5 > 

r (t) * 3 - ^ e(t) * ^ ^ ^ + >jb ^ ^ ^ 

(AEC) tartCRfLjtw ^ to R930 M±, 

> f » * SS K flf *tjg » c, ft. T j £ o 
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1 ) X-f-y XDUm 

Tt^^^gT^^o Km®**?- ? rr^ ><Dmmi7&t lx^ es 

(Exponential Step)&[S. Makino, Y. Kaneda and N. Koizumi, 
"Exponentially Weighted Steps ize NLMS Adaptive Filter Based on the 
Statistics of a Room Impulse Response" IEEE Trans. SAP, Vol.1, No.l, 
pp. 101-108, 1993.]*«il*$*LTV»£ 0 MrtKi3*t&, jgj£ 7 -f ;U * - #^ 

2 ) ^"7*> h - ^Jfcfcti 

Sg) Kisv>t\ A E C (NLMS) 1 KJ: 13 MB? 4 )\< 9 -«»<7)JEfr * 

it • SRI) "T *J&»liS3S£#'f > h t^>S 0 f 7;H-^^)f ffit:i±, ^ 

sxa-?)/i<7-^v>4^tat ^e^fip, "^n 

h -^^mffi," mmns, voi.J78-A, no.3, 

pp. 314-322, 1995.]c - US {> *L£ /Jn , MIS^^ * ^ttSl" 

* - t ifivsmtib 2> if h -Cab & 0 
3) tfx3-»fitttJ 
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r r » h -,* m * r mt Wol J1S A No 3> pp 3l4 322f i995 

# — ^ — -i' jj ~ ~j- v (Tii^m . A^feo ^ , . 
KNLMSKiiAECltRlL ^*»«*DOJDtttt«i*o»*i-*« 

* EIIK* ^RRE (Recovery Rate of Error) bt*XZtlZ + & 0 

^Uo^^Ba r g e - i nf^roei; 
era*, 2-5-1, pp. 59-60, 1996-3. ] 0 

L*L*#*>, #«*4D©JDfttt«|*^ ftL , ^^^^^ 
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< iilS d°p St + ^ -e * * * $ *l t v> a 0 
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cof^T^^A^^#d£i-^ fc¥!l»f-*- < & 0 , (5)^;tc J; £ -7 

+ t >-feMf-t e(t)0 jc*;^- Srfflv^T, i£ flS A ?" 

aa**?-? ^**ijwf-r4 t v>^feitfif,ii4o KM tea &h titz 

ag^ftooiptettai^i: AKOW^O 2 ibft***, v>-T*l<> SU£*7 4 

6 0 - 8 0 d B AOF^T'Ai < glJISS; 

mmmm, "^mmm^pmrn^w:," ^mmm, 1-Q-32, PP .i59-i6o, 

1995-3. ][&*^ — , #=g»S,«H1«, "fltlftR^ai&TKjSlt* 

aScW^Sitt," ^^fra^fc, 2-Q-4, pp. 155-156, 1993-10.], iftSg A2f 
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Vol.J78-A, No.3, pp.314-322, 1995.JO*ffl 4 Bfcft**** * t ^ ? 
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R«.m Loss Enhance™,,*^ < E R L E UMASffi^g 
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ERLE=1 °- log '°iifi < 6 > 

E[z(t) 2 ]=(l-A)-E[z(t-1) 2 ]+ A- z(t) 2 (7) 

II L, A=l/2 5 6 -C*& 0 E R L E^ijMsm, d B"C** 0 K V 

>tn%<DE R L E^f^f, ^ffifi^ti-TtL 1 8 . 8 0dB, 10. 1 
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l±^rti^fi9. 3 3dB, 5. 8 9 d B X~$> Z> 0 5fi:S» A# <7)^*£U cojjn 
ftttifWl/^^^ § W5 fc\ (6)5$;-? -5- x. <b E R L E HfiwffiKfc 

0 4 C, 0 4 E^fjT^ K'J >?~B#, B#&1 0 0 k mB#^-f ft(Di^^ i> 

iaiBA^HAKw^^itL^^^tzow-cfl^So 2 0 0 0 
c c Og|||t*-t-f^ 7° Lfcri^Tfr^fifefc 
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o t l , «.j o * at** k 7 * HW L ^^^^ 3 

Wtt»i^*LetL8. 48dB, 4. l8dB?** e 

ffi) **»t»c** 0 ^m^^^^^^v.^^fi, ***** 
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•;-x, mi§*^mK££, 1985. ] 0 W®*&<z>ira&te&Wo#£j&*&&-c§ 

^v^JpJBf 7 * ^^-Moilr^fi 1 ^ttr. Br lute's 36 M£U 
#HfW 9 - 2 1 3 9 4 6f (NTT) K*3V»TI±, A^W^^ (^3 
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3t5e L/c-T (FIR7^^-(0ilii) ^^1^^777 
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#H¥7 - 3 0 3 0 6 6t (NTT DOCOMO) Tfi, ^/^^ 
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J; ^ 0 

@HiN LMS (Normalized Least Mean Square error) 0$tjfg#$c £ 7^1" 

"7* n y ^ HJ -e ■?> o 

14 A -04 Efi-eti-PtLN L M S (Normalized Least Mean Square 
error) <7)1£jtE '. sec. ) £ /J^ ID & o 

HI 5 ti V A D (Voice Activity Detection) tf) ^ £ 7Fi~ "7* n y 

<fc ■?> o 

16 it V AD<7>tfrfP* >f * >^*^-tia-e*-5o 

17A-S7G ti^tL-e'tLN LMS - V A D (Normalized Least Mean 
Square error with frame-wise Voice Activity Detection) <7)^J^: ($|f& : s e 
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c . ) £^1-®-C2b£ c 

m 9 liNLMS-VAD«M^f7n ? ^ g| 

(HI OA^^il OBIiftifiiNLMS-VAD/CSSffiCJ:* 
hn^7A*^t0T?*4 (&*b I s e c . ) o 

111 1 (iB#^^-7 -f £^1-mT&& 0 

HI 2I1NLMS-VAD/CS S/E-CMNMl^^^t7 
n ^1T^I> : s e c . ) o 

HI 3 liNLMS - VAD/C SS/E - CMN^fFI^^tSt^ & 0 

m 1 6 \±%:f&wi& 3 mmm&o ^fAw«j£^t * ^ m-e^&o 

HI 1 7 tt|:|lli4lMI<7)y7rA£7)ii^tyn -^|^a 0 
HI 1 8 K&f&mm 5 liliO yXfA«^t7n y ^Elt?** 0 
El 1 9 ti«£BJ3fj| 6 mfcm&<0 yXtA^^tro El 

* i" * rc tf> ft & <D MM 

^yXf AT^^GS M-ei$IM^tv^t^tttl V AD(Voice 
Activity Detection) [Recommendation GSM 06.32.] Z> 0 ^(OVADIi^ 
0 D E C (£t» • #31) * >f<OTV 9 Mf ^S<7>Ijjfp£*ffl^ < tu^ 

i:^vAD<7)ffl*«^to if, tm^^p-Aicgg 
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LPC (Linear Predictive Coding) K J: »K $>| ff^ $IJ # i£ (B$ffi1f$0 tf« 

^tbhtcZx, 111^ ?flij#m^<b SiJfr L P C "7 * - t ififfii 

0MB#F^^°7-i: L^^-fi^Jt^L, VAD$I5e£*t-5 0 
«Iif6!l^VAD 77^i©SI^ffiv>Tfftfi{iftVAD77^0i^ 

7£ £ %> o 

»i L £ v^iiiS * fi 1 -9 ^ § -e f± & v^ 0 & KSIJ1- & rt: £ K e 7 
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Sl&^rtHijv^r, ££tt<7>j|«>£>^>f ^^-t^w^-fr ^nxrt* 
fc«ftfc#j?rClS!fi$*L&*^ 4if-$|^Jt (S NR) f± l 0 d BJUJLTJC 

S NR 1 0 d Bl&mx* i>lEm^PfefttfX~ Z> X o \Z L £ 

Ii32ms, 7U-Av7Mil Oms -C*4 0 J^iU VADCJ: 0 

VAD^OFFT^^hf % itOVADIi, 1 7 P - 
1 m&tmXDbZ^ptf^Z *iT j&»£f ? 3&*<!0*U Wf *"ff 9 ^^<7)^ 

SOH^i^to HRIO^^<OlBi&**7 1/- A n <7>»£'fr"e VA 
D JC J: 0 ^-^^^^gajfi^tfttii-eS ^cofi, 7 1/-An+1 J»-C&& oj 
f£14>TO^ 0 'Ktc. 7I/-An + 20VADttffifl/:f^, *^l<7>^ 
^O^^ibO^ffiiitUi 2 5 m s K & & *9 , fOBI, a. - c7)^t^ 
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m;<v 7 t hn&) ^m^-t^o vad^offo7u-a-?i±, n (m 

H 8 IZ7 4 7 t omftcoM^-Zm-to m H-4tL/; 

^ 1 7^1/^-A-y77Wt-fX}:ERLE (Echo Return Loss 
Enhancement) <D HI ^ 



buffer size m 


max ERLE(dB) 


average ERLE(dB) 


0 


8 . 80 


4. 18 


1 


9 . 06 


4.25 


2 


9 . 15 


4.35 


3 


9 .14 


4.36 


4 


9 .14 


4.36 
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m= 0 (iff ft«t>*** j or,; * „ h *fx*,ftv,»^*^ 0 m ;> 2 ^ 

VAD «^ (27^ASU) tnmLx^z> 0 

±B^tt*ofc7^.JXUNLMS-VAD (NLMS with 
frame-wise VAD) <£#<9 y n y ^ g, £ g, g f 

VAD^^ONCiit, ^VAD^OFF!:^ 
7^AiT7U^#»o Slf , 4#J |. Sjl4o H7EK, 7^*- 

VAD«^, 7 



o 



^-M*itfVADi:»^iii,t 9 ^, mLTfii< 

li*f»#U^*t, **Ua*<&*#«.- (H7E<0»P3tHi^ 
U&) **KI**ir>**$;ftTv>*£fc#fr** 0 e R L E<7) 

¥*«li*-*HML9. 29dB, 4. 5 OdBm, ttz, * 
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IiHIAi±NLMS-VADSl:illLT, B#Fflffi X tfffi&ftfif IRK 
M¥0 9-051577-^, 1 9 9 7^3^6 B tail) 0 & 

iglztetf Z>us<* > fcW^Sifc^&i: IT, NLMS-VADfttCSS 
(Continuous Spectral Subtraction) & £ & T t&SMir Z> Q 

t Ki5tt*Hi!fc8c w "COSI^^i' r- ^P*^? h ;i^S(<y ;t)tf>tft 
afttti§(?)i^^fti-ftLO(w;t), g( w; t), N(<y;t)£^-f 
CSSfeliJaTWJ:M:4ii9<i4o 

N(co; t) = 7 • N(fi>; t - 1) + (1 - y) • O(£0; t) (8) 
S(£o;t) = j° (ft);t) -«-N(fi>;t) if o(<o;t) -aN(o>;t)>/?o(ft>;t) 



factor-e* fj , J^T-Ctt^H^I^Ofif^^t,, *fl?fll. 4, 0. 1, 0. 
9 7 4 t^L^ 0 CSSli, ^^"7 A t A £E SIJ-£1\ 




(9) 



£ .1 "C\ a It over-estimation factor, pit flooring factor, y {^smoothing 
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J»B*i:i:oTt»f*4 Q Hi OAK, #jL* (7M K V > ^*) ogg, 

hDmtB7B fcH-**fc*a 6 o k mfcfTi*©*****,;!,,,* 

A) , NLMS-VADftmi 3 - Ht ^ H (H?G) ^ cg 
B#*J0. 9« W |lkHz^x 3 -^M^ (m 



o 



css&fi, se*wftaiffittai^»fca:< % nlms-vad^^ 

3. 6 0dBT*ofc 0 £*lk# U NLMS-VADftCUflxa 
Tra*K**fc E RLE(&¥*&tt*49. 87dB^ 0 CSSW 
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III 1 OAtHl OB SrJttSEi"* i:2o<7)^^^ Fd^7A#^)6TS 
*RLTV>££ t»5 0 NLMS-VAD&tCS S £ tf> & * fc> K 

**1BAa>#&5tr3StT&J£$*L4, B##J t fcistf* t<D®#f 
H Person (ft» i: H« - t U 

1 T 

Hperson(<5)) = — • I S(fi); t) ( \ ()) 

T t=i v ' 

S\(o; t) = S(o; t)/tf Person (G>) (11) 

Y ;K± s jEMftW^* ^ * h ^ S*(ar,t)J&*EF^ge 7 * ;i/ * - H Person (o>) 

S(£o;t)= H Person (Q))- S\to;t) (12) 

[A. Acero, "Acoustical and Environmental Robustness in Automatic Speech 
Recognition," Kluwer Academic Publishers, 1992.] Q 
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( 1 ) H stylem(Q » 
*, Lombard****) ^H^^aEfteaWtt-CiSoLombardajfttJi, 

Chen, "Cepstral Domain Talker Stress Compensation for Robust Speech 
Recognition," IEEE Trans. ASSP, Vol.36, No.4, pp.433-439, 1988.j?li, 

(2) gmft&fte fl^dD) 

(3) v**^ Hmc(Q}) 

<W> = ^^(^.{^^(^.(H^ca,). sW))} + iV(«,; t) + s (o > ;t)] 

(13) 

^ fHtl * IL »• L - Hansen ' B. D. Womack, and L. M. Arslan, "A 
Source Generator Based Production Model for Environmental Robustness in 
Speech Recognition," Proc. ICSLP 94, Yokohama, Japan, pp. 1003-1006, 

1994. ]„ n(cr,t)K&m*to(7>i!a&&m^xs < ? r-^fcfsu E (fi >. t) 

« P e_(6», H scW e,^)> *«*tiJV»T#«»'>^^A(Oa. 
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htiho ttz^ m^im&'&m^Nico*), £(o;t)^tUj:^nTt, mm 

H(CO) = tf wic (a>) • H Traag ((D) ■ H stylelm ((0) ■ H Person (6» ( 14) 

N(co;t) = H M . c (6))N(a);t) (15) 

£(a);t) = H llie (fi»-E(fii;t) (16) 
0(ffl;t) = ff*(G))-£*(a>;t)+2v(<o;t) + .E(<o;t) (17) 



* h ^0(a>;t)tC^L, N (co;th E(ar,th H*(&>) (7) B£3r £ fi 1 o 

X % lEgHk^*^ h ^s*(ar,t)0«l5g1il«r*i6S £ t i>z X *) , 7HM&^ 



5*(a>;t) = 



0(ft>; fc) - j^(a); t) - g(g>; fc) 
H*(o» 
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li, NLMS - VADSi C S S i& & 7j&# s «#T-£> £ £ 

Wtt&teK&HHftn-tf-'f (DCT : Discrete Cosine Transform) £J& 

1^ ^<£> E — C MN (Exact Cepstrum Mean Normalization) &/>>^2fr & £ 
t a*BE*w^$ ilt^i [M. Shozakai, S. Nakamura and K. Shikano, "A 
Non-Iterative Model-Adaptive E-CMN/PMC Approach for Speech 
Recognition in Car Environments," Proc. Eurospeech, Rhodes, Greece, 
pp.287-290, 1997. ] 0 E - C M N & ii ^:<7) 2 o <7) * v 7° h m& £ tl & o 
3f f 7 7°: I/- ATglJ^ H^7°X h =7 

o "7 AtK*3»7-£#C&itf>*-y* h ^A^ c (i, t )h^1-h £ N 
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